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Introduction 1

: Patellofemora] ‘pain syndrome (PES) has been” regarded in.

recent years as being due to functional and mus¢ular im-

balances, following studies reporting no correla_t;on be- .
tween damage to retropatellar cartilage ‘and amfestatlon :

of femoropatellar pain [2, 6, 15, 17, 22].Dis

pathogenesis has focused on increased lateralization due[
- Patients
ing of the latter along with malnutrition and damage of the -

retropatellar cartilage [5, 13]. These ﬁndmgs on the asso- -
ciation between muscular imbalance in concomitance -

“to functional malalignment of the patella, followed by tilt-

with PFS support the need for therapeutic alternatives to
cope particularly with cases resistant to conservative treat-
ment. New, pronnsmg therapeutic procedures for treatin;
'retropatellar pain-have been suggested by studies" TEpor

ing significant impairment. of pain using a special knee

splint [16].

,analogue scale Ani increase in elec-_

ThlS study was- undertaken to evaluate the therapeuhc-

- benefit of the knee- splint with integrated resistance-con-

trolled torque versus- physiotherapeutic exercises by pro-

- prioceptive neuromuscular facilitation (PNF) in patients

with chIomc PFS.

Material and method

~“We compared two therapeunc approaches for PFS over a period of

8 weeks in a prospective, randomized, controlled study. Inclusion

criterid; were: persistence of unilateral retropatellar pain for more

than 6 months, unsuccessful conservative therapy, use of anti-in-

':’ﬂammatory and analgesic agents, electrotherapy and physiothera- -

peutic ses without PNF, and patient age between 16 and
cluded were patients with known meniscopathy and
“théif “Cruciate ligaments, chronic inflammatory pro-

cesses and fémorGpatellar arthrosis greater than I° as evaluated ac-

~ cording to Fairbank [4]. Prior to the onset of pam symptoms all pa-



volleyball, bas-
each reported a
at least 8 weeks.

tients had been active amateur athletes (running,
ketball) with weekly training of at least 2 h, and
period of limited sports activity due to'PES for
-prior to inclusion into the smdy. .. ' e s

Patients were randomized 1o either of: the- follow
apy groups. Group A included 15 wom :
range 18-28; mean weight 59 kg,
range 159-170) and five men (mean age 27
mean weight 79 kg, range 69-90; h
169-191). Group B included 13 women (mean ag;
16-25; mean weight 58 kg, range 50-65; mean height 168
range 162-170) and 7 men (age 26 years, range 18-36; mean
weight 75 kg, range 68-91; mean height 178 cm, range 175-188).

Baseline measurements in the two groups were similar on all
variables, including distribution of patella types assessed accord-
ing to Wiberg [19] (type L, 4 in group A and 5 in group B; type I,
11in group A and 10'in group B; type I, 3 in each group; type IV, .
2 in each group). : . -

y

-~ cises on their o

68 cm,

- carried out in seated and standing posi

Treatment

Patients assigned to group A received 16 rounds of physiothera-
peutic- exercises based on PNF combined with extension of the
tus “iliotibialis aiid quadriceps femoris muscles, Patients were
: ¢ therapists on an outpatient basis in two 1-h ses-
-and were not required to undertake additional exer-
wn during the study. Nine treatments were applied
intand 11 to the right in group A.
group B consisted of unsupported use of a special
knee splint (Protonics®, ORMED a Company of EMPI Inc., USA;
Fig.1) for 15 min three times daily combined with exercises per-
formed according to instractions (Fig.2), along with knee flexion in
both knees, to reach an individually preset torque. Exercises were
tions to strengthen the is-
chiocrural musculature. This approach was based on the concept of
treatment muscle groups at different isometric activities. The knee
splint was fitted with a vertically adjustable bilateral frame and four
padded holding straps for fixation to the leg on top of the patient’s

eck

- wear. Hinges with variable torque of 2-17 Nm were bilaterally inte-

(&

Fig.2 E
group B.

- grated intg the knee frame at the level of the knee-joint gap. For the

.- puiposs:of the ‘study ‘the torque was individually limited, depending

on: isymptoms. -Torque levels were preset to enable patients to
tairs tairs with almost no pain. Seven treatments .

knee joint and 13 to the right..

Its of treatmient were compared between the two groups on the
; ination. These ‘Were carried out by an
ot involved in the study at baseline and’ during
eeks of treatment. . ' e
orque of Knee extensors and flexors was measured using
6000 :(Cuniar, USA), combined with isokinetic muscle
:conditions’ of concentric activity, angular velocity of
d range.of ‘motion of 0-120°. Isometric measurements of
graphi ivity at maximum isometric exposure of vas-.
s (VM) and vastus lateralis (VL) muscles was con-
*60? knee flexion, using four-channel surface electromyo-
afining frequency of 1000 Hz (Noraxon, Germany).’
lectrodes were placed on the VM and_ VL just
elly that is palpable under isometric. tension.
1 patellar midpoints and muscle bellies were de-

bas
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only with moderate activity/sports

with most activity/sports, but not witl.
activities of daily living (ADL)

with ADLs but does not restrict ADLs

| with ADLs causing restriction 6f ADLs 0
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only with strenuous activity/sports
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with most activity, but not with ADLs
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repitatio

none
only with strenuous activity/spbrts

only with moderate actmty/sports

with most act1v1ty, but not w1th ADLs
with ADLs but does not restnct ADLs
with ADLs causing restriction of ADLs _.

-

none )

on]y with strentious act1v1ty/sports [
- only with moderate acthlty/sports

| with most activity, but not with ADL

with ADLs but does not restrict ADLs

_ lleakness / glvmg wa}l
* | none.

orly With strenuiGus 'act'i\'riit’y/‘épd_rts* i

with most achv1ty, but hot with ADL.A_
- w1th ADLs but does not restnct ADLs .l

with ADLs causing restriction of ADLs P

w1th ADLs causmg restrlctlon of ADLs :

25 points |

20 points

15 points’
10 points’

5 poin;t:is’_' e

0 points

10 poiats | as
8 poinfsf :
-6 pomts‘
- 4 pomts
e pomts
with ADLs causing restriction of ADLs »

0 pointé*

: !gth’letics activitiesl

20 points

all recreational athletics, but not competltxve athlctlc 15 points
bccause of knee difficulties o

rcsmctcd Tecreational athlctlcs

parhc:lpatcs at any desired level w1thout restrictions

10 points

no recreanonal athletics because of knee. dL&icultxes 0 points

ascends stalrs normally nad without pain - 5 points

ascends stairs normally nad with some paJn 3 points
- 1 points
0 points

5 points

descends stairs. normally nad with some pam =54 -3 points

dcscends stalrs thh good lcg lead only ks 1 points

"0 points

5 points
4 points
2 points
0 points

Fig.3 Béssene arid Huntéf ti’j"score '(m_amm’ﬁum,‘ibo points)
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Fig.4 Patellofemoral congruence angle from tangential conve
tional radiographic view imaging of the patellofemoral joi

Table 1 Mean value of peak torgue 'mm)-m‘-tﬁg ;qoﬁrg_e Bf.’&ea
il V C e 3 oo B

Group A _'

Flexors A )

Baseline - 649

4th week 78 =8

8th week - 82+£9.
Extensors ~ 0 _

Baseline® 3 =" 130 7°

4th week 1142+ 8

8th week

14527

termined and compared with each other for better reproduci
of measuréments:* - . R
Individually perceived comfort was determined..at:the gboy
time points using a visual analogue scale (VAS) [10] at rest, usin
the 100-point! scorezof Bessette and Hunter [1] (Fig.3)
muscle tests on the Cybex 6000. VAS in response to loading was
evaluated after the isometric and isokinetic muscle tests. Patients’,
were asked -to: assess their retropatellar pain using a.YAS from
(no pain) to 10 (greatest imaginable pain). EY S
Joint-specific . positive clinical examinations.:(patéllars pain
squatting tests, grinding tests, etc.) were accompanied by radiolog:
ical diagnosis of the knee joint at two planes and axial ‘patélla tadi
ography .in 307, 60°, and 90° knee flexion. This helped to deter
mine the patellofemoral congruence angle (PFC).~The PFE is de:
picted as the angle between P1 and P2 (Fig.4). For P1 the line is
drawn through the lowest point of the patella and the femoral
groove, and P2 bisects the angle formed by P3 and P4, which are
drawn through the lowest point of femoral groove and highest
- point of femoral condyle [11]. RO <
Peak torques of knee extensors and flexors, mean amplifude of .
electromyogram of VM and VL, VAS, and
median, mean, and standard deviation: The unpaired and paired
! tests were used to compare results between the two groups. Sta-
tistical significance was set at the level of p=0.05. 77 -~ =~

“TablEd’

prior 0%

score are presented as™

- TFable:2-Mean clectromyographic measurements in vastus medi-
alis? (VM) and vastus lateralis (VL) muscles (£V) and ratios be-
gen them

e Group A Group B
Baseline 264 =104 311 = 95
< 4th week 401 +13.8 480 =104
- i - 8th:week 456 +=11.4% . 532 £ 8.1%%
164 = 89 182+ 99
225 =124 284 = 10.1
2240 £13.9% 292 +10.2%*
1.60+13 1.0 +15
178 + 1.1 1.69+14
19 =24 18%+13
Table 37 VAS results at-rest and after exposure
. - Group A Group B
42=13 5615
31+1.6 35x1.2
39+2.1 31+12%
6514 70213
60=1.2 3912

65%1.5 33%1.1%

:Statistical analysis (P) of VAS improvement

Group A - Grouﬁ B
015 0.00028

Aftef treatment - 0.0010

032

Resu

fts

- Radiological examination revealed posttherapeutic reduc-
tion in the PFC angle from 10.4+6° to 6.5+3.5° in group
A (ns.)and one from 11.7£6.5° to 2.5+2.0° in group B
(P<0.05). Isometric and isokinetic Cybex 6000 ftests
recorded only: relatively small increases in peak torques in

_knee flexors.and extensors (Table 1, n.s.) and of VM and

" VL activities. However, there was a significant increase
“in VM and‘VL activity between groups A and B (paired
¢ test), while there was no difference between groups (un-
--paired ¢ test; Table 2). The Cybex 6000 tests also recorded
an increase in maximum torque in knee flexors and exten-

- sors and a significant rise in VM activity in both groups.



.A significant change in the VM/VL activity ratio to the
benefit of VM was additionally recorded in group B.

Patients’ individual perception.of their condition on..:
the 100-point scale showed an-improvement from 53:to .

69 pomts in group A (P=0.003) and one from 53to 72 pom
in group: B (P=0.0005): Unamblguous alleviation of pam
at rest was recorded on VAS in .group B (Table 3).
was also a significant difference between the two groups

The unpaired ¢ test for group companson revealed signif-in
VAS.

icant postloading improvement ifi"VAS in group B
with P=0.0065 and score with. P—O 0047 (palred t.
Table 4).

Discussion

- Statistically . si‘gniﬁcant differ'eo.ces‘ were foun'ti" between 3

the two therapy g'roups 40 thrs prospectwe-randomrz"

therapeutlc concepte revealed thhly significant reduction
in md1v1dua]ly percelved pam m:the knee-sphnt grotip*

srgmﬁcant increases in peak torq! : i
flexors and 31gmﬁcant increase in. electromyographl'
tivity of VM and VL in both groups.
These findings support the knee-]omt sp
.as a valuable alternative in cases of therapy
Intensive submaximum auxometric - trainin
with use of the knee splint thus provides targeted: actlv 3
tion and strengthening of hamstrings,- with subseque

straightening and stabilization - of the pelvis. Results are -
'hkely to include detonization of hip joint flexors, stucces- - -

sive reduction in femoral internal rotation, and enhanced
control of external/internal tibial rotation [23]..

reduction in the femoropatellar angle of congiuence and

centering of the patella towards the femoral trochlea.-

However, our results from radiological investigation -of

the PFC provided only the suggestion of a change in

group B rather than A. These results support a trend but
no change in statistical significance, since the angle of

congruence may be affected by the tonus of the quadri- -

ceps muscle independently of the therapeutic approach:{9,
18].- Further confirmation of the effect on the angle of
congruence. therefore requires: dlagnostle use of dynamic
‘magnetic resonance tomography.. = - .

.. The/] results reported by Timm [16] and other available
ata_suppo‘_ ’the view that. the benefit of .the knee-Jomt
lmt is: bas ed-on- 0pt1mlzmg pe1v1s leg stahcs whrch is

gxors (1hopsoas muscle)
sszof the ‘gluteus- medlus

'éiround the knee are an important factor or

Atngger point in anterior knee pain syndrome. Patellar lat-
eralization combined with impaired pelvis-leg statics may

lead to persistent extension of the median retinaculum and

3 _-fconsequently permanent n‘ntauon of nociceptors in PES
With its progressive resistance to flexion movement,
‘knee splint therapy has an impact on restoration of patel--
lar alignment with optimization of muscular interplay be-
tween VM and VL and thus leads to rapid pain relief. Ev-
idence of this is provided by our data on changes in the ra~
tio between VM and VL activities, to the benefit of the -
VM and radiological confirmation -of centering of the .
patella into the intercondylar groove. This has confirmed -
study results by Timm [16], who has reported significant - .
mdlvrdually perceived therapeutic results to be better fol-
lowing knee splint use than those from physiotherapeutic
-exercises.. The knee splint-used here is thus confirmed as
- an effective therapetitic concept for coping with PFS and
~for achieving early pain relief. The knee splint also en-
- ables patients to undertake sustainable self-therapy inde- -
pendently of scheduled therapy deadlines.

patients.:.
Another desu'able mechanism of actlon of the knee

-splint is. improved proprioceptive input to and output from

the ischiocrural musculature, with synergistic effects on
knee extensor. Increase in electromyographic activity thus

- induced may bring -about improved synergistic neuromus-
- cular interaction of all relevant dynamic and static stabi-
_hzers in the knee joint [5, 13, 17, 22].

.. In summary, the. findmgs of this study.show better the
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